Study design: Randomized study. Objectives: To evaluate the effects of thalidomide on spinal cord ischemia/reperfusion injury via reduced TNF-a production. Setting: Animal experimental laboratory, Clinical Research Institute of Seoul National University Hospital, Seoul, Korea. Methods: Spinal cord ischemia was induced in rabbits by occluding the infrarenal aorta. Rabbits in group N did not undergo ischemic insult, but rabbits in groups C (the untreated group), THA, and THB underwent ischemic insult for 15 min. The THA and THB groups received thalidomide (20 mg/kg) intraperitoneally (i.p.) before ischemia, but only the THB group received thalidomide (i.p., 20 mg/kg) after 24 and 48 h of reperfusion. After evaluating neurologic functions at 1.5 h, 3, and 5 days of reperfusion, rabbits were killed for histopathologic examination and Western blot analysis of TNF-a. Results: The THA and THB groups showed significantly less neurologic dysfunction than the C group at 1.5 h, 3, and 5 days of reperfusion. The number of normal spinal motor neurons in ventral gray matter was higher in THA and THB than in C, but no difference was observed between THA and THB. Western blot analysis showed a significantly higher level of TNF-a in C than in THA and THB at 1.5 h of reperfusion, but no difference was observed between C, THA, or THB at 3 or 5 days of reperfusion. Conclusion: Thalidomide treatment before ischemic insult reduces early phase ischemia/ reperfusion injury of the spinal cord in rabbits.
Introduction
Mortality rates due to intra-operative events have diminished remarkably over the past 30 years in the surgical management of patients with diseases of the descending thoracic aorta and thoracoabdominal aorta. However, postoperative spinal cord injuries remain serious complications, and the prevalence of paraplegia for this complication type has been reported to be between 0.9 and 40%. 1 Moreover, it is presumed that the main mechanism of spinal cord injury involves ischemia/reperfusion injury, however, the details have been unknown.
Immunoreactivity for TNF-a was observed in the white matter of the mouse hippocampus as early as 1.5 h after 30 min of global ischemic insult. This then decreased at 6 and 24 h, only to reincrease at 3 days. 2 Moreover, focal cerebral ischemia in rats results in elevated TNF-a mRNA and protein in ischemic neurons. 3 In human victims of fatal ischemic stroke, cells throughout the brain show TNF-a immunoreactivity during the different phases of focal cerebral infarction with no or incomplete recanalization. 4 Moreover, reduced systemic TNF-a release was associated with protection from spinal cord reperfusion injury in rabbits. 5 Thalidomide, a derivative of glutamic acid, was available as an over-the-counter drug in Europe during the late 1950s for the treatment of morning sickness, but was withdrawn in the 1960s after the emergence of reports of teratogenicity and phocomelia associated with its use. The recent return of thalidomide stems from its broad-spectrum pharmacologic and immunologic effects. Thalidomide has been approved by the Food and Drug Administration for the treatment of erythema nodosum leprosum and an inflammatory manifestations of leprosy, and its potential therapeutic applications span a wide spectrum of other diseases. 6 It has been reported that the mode of action of thalidomide involves the inhibition of lipopolysaccharide (LPS)-induced TNF-a production, and the enhanced degradation of TNF-a mRNA. 7 Given the background described above, the hypothesis of this study was that thalidomide is likely to reduce spinal cord ischemia/reperfusion injury, and that this protection is due to a reduction in the quantity of TNF-a expressed in the spinal cord. To evaluate this hypothesis, we used an ischemia/reperfusion rabbit model.
Materials and methods

Animal model
In this experimental study, rabbits were treated in accordance with the NIH Guide for the Care and Use of Animals. All procedures and animal care protocols were approved by the Animal Care Committee of the Clinical Research Institute of Seoul National University Hospital.
The present study used 54 male New Zealand White Rabbits of body weight 2.5-3 kg. Ketamine hydrochloride (50 mg/kg, Yuhan Yanghang, Seoul) and xylazine hydrochloride (5 mg/kg, Bayer Korea, Seoul) were injected intramuscularly to induce anesthesia; endotracheal intubation and tracheostomy were not performed.
Rabbits were supplied oxygen at 6 l/min via a facemask, while spontaneous respiration was maintained. A 24 G catheter (D&B-cath s , Boin Medica, Kumi, Korea) of length 0.75 inch was located in the auricular vein, and xylazine hydrochloride was intravenously infused at 2.5 mg/kg, equivalent to a half of the anesthetic induction dose, to maintain anesthesia.
After EKG, pulse oximetry and rectal temperature were monitored, and a 24 G catheter (D&B-cath s , Boin Medica, Kumi, Korea) of length 0.75 inch was located in the auricular artery to monitor blood pressure.
After intravenously injecting cefazolin sodium (Chong Kun Dang, Seoul) at 10 mg/kg, bilateral femoral arteriotomy was performed and a 22 G catheter (D&B-cath s , Boin Medica, Kumi, Korea) of length 0.75 inch was located in the right femoral artery to monitor blood pressure and blood pressure waves distal to the future aorta occlusion. After intravenously injecting heparin (Choongwae, Seoul) at a dose of 150 IU/kg, a 5-Fr pulmonary artery catheter (Balloon thermodilution catheter s , Arrow, Reading, PA, USA) was inserted 3-4 cm caudally to the inguinal ligament into the left femoral artery, and then advanced 15 cm further into the abdominal aorta. Thus, the balloon at the distal end of the catheter was positioned 0.5-1.5 cm distally to the origin of the left renal artery. Other study 8 and preliminary investigations by injecting radiocontrast dye into the abdominal aorta via the distal hole of the catheter or by laparotomy confirmed that the balloon was positioned 0.5-1.5 cm distal to the left renal artery (Figure 1 ). PaO 2 , PaCO 2 and Hb were performed and pH was measured at baseline, during ischemia, and 10 min of reperfusion following ischemia. To maintain body temperature within the normal range perioperatively, an automated circulating water blanket was used throughout. While inducing ischemia, we monitored blood pressure waves at the proximal and distal holes of the pulmonary catheter and compared these with those of the auricular artery to prevent twisting or contralateral insertion of the catheter. After the procedure, the all catheters were removed and 0.5% bupivacaine was infiltrated around the incision sites to minimize pain. Animals were allowed to recover from anesthesia at room temperature for at least 1.5 h, at which time it was Figure 1 This photograph shows that the tip of a pulmonary artery catheter with an inflated balloon located below the left renal artery. The pulmonary artery catheter was inserted 3-4 cm caudally to the inguinal ligament into the femoral artery, and then advanced 15 cm further into the abdominal aorta. Thus, the balloon at the distal end of the catheter is positioned 0.5-1.5 cm distally to the origin of the left renal artery possible to establish whether the motor activities of hind-limbs were normal. They were then returned to their cage and allowed free access to food and water.
Experiment protocol
In Group N (n ¼ 6) animals, the balloon-tipped catheter was placed in the abdominal aorta but not inflated. In the Groups C (n ¼ 18), THA (n ¼ 18) and THB (n ¼ 12), the catheter balloon was inflated for 15 min so as to cause spinal cord ischemia. 8 Rabbits in Groups THA and THB received thalidomide (20 mg/kg, SigmaAldrich Corporation, St Louis, MO) with vehicle (dimethyl sulfoxide, DMSO, Sigma-Aldrich Corporation, St Louis, MO) i.p. 3 h before the initiation of aortic occlusion. Rabbits in Group C received only vehicle without thalidomide i.p. 3 h before aortic occlusion. Rabbits in Group THB also received thalidomide (20 mg/kg; i.p.) with vehicle at 24 and 48 h of reperfusion, whereas rabbits in Groups C and THA only received vehicle at this time. Six animals from the N (N), C (C-1), and THA (THA-1) were euthanized with a high dose of thiopental sodium (50 mg/kg, Choongwae, Seoul) injected intravenously after intramuscular ketamine hydrochloride (25 mg/kg) and xylazine hydrochloride (5 mg/kg) at 1.5 h of reperfusion, and their spinal cords were quickly removed. Similarly, six animals from the C (C-3), THA (THA-3), and THB (THB-3) groups and six animals from the C (C-5), THA (THA-5), and THB (THB-5) groups were euthanized at 3 and 5 days, respectively, of reperfusion and spinal cords were removed as described above. Tissue samples for Western blot analysis (spinal cords at the L7 level) were frozen in liquid nitrogen and then stored at À801C. Samples for histology, taken at the L5-L6 level, were fixed by immersion in 0.1 mol/l phosphate buffer containing 10% paraformaldehyde for 2 weeks and then embedded in paraffin.
Neurologic assessment
Hind-limb motor function was observed at 1.5 h, at 3 days and at 5 days of reperfusion. Rabbits were classified using a 5-point scale according to the modified Tarlov scale 9 (grade 0 ¼ no movement; 1 ¼ slight movement or minimal antigravity activity; 2 ¼ sits with assistance or active antigravity activity; 3 ¼ sits alone; 4 ¼ weak hop; 5 ¼ normal hop). Two investigators without knowledge of treatment histories independently graded neurologic scores.
Histopathologic examination
From each embedded spinal cord sample, three transverse tissue sections were prepared at 4 mm. These sections were stained with hematoxylin-eosin and examined by light microscopy. An investigator, unaware of group identities or neurologic outcomes, examined each slide under a light microscope and counted the number of normal nerve cells in the ventral horn of spinal cord gray matter (anterior to an imaginary line drawn through the central canal perpendicular to the vertical axis). In each rabbit, mean normal nerve cell number was calculated from mean numbers in the three spinal cord tissue sections. This value was used as the representative number in each rabbit.
Western blot analysis TNF-a contents were semiquantitatively determined by Western blotting and chemiluminescence. To determine TNF-a levels, frozen spinal cords were individually homogenized using lysis buffer (pH 7.4 50 mM Tris, 1% Na-deoxychloride, 0.5% SDS, 0.1% DW, 25 mM Triton X-100) and protein levels were estimated using the Bradford method. Samples (30 mg) of protein from each rabbit were electrophoresed in 12% sodium dodecyl sulfate-polyacrylamide gel and transferred to nitrocellulose membranes, which were then blocked in 2.5% powdered milk dissolved in TBS þ 0.05% Tween 20 for 10 min at room temperature. Membranes were then rinsed in TBS þ 0.05% Tween 20 for 3 Â 15 min. The primary antibody, anti-TNF-a monoclonal Ab (SigmaAldrich Corporation, St Louis, MO) was diluted 1:1000 in TBS and incubated overnight at 41C. The following day, membranes were rinsed for 3 Â 15 min in TBS þ 0.05% Tween 20, and then the secondary antibody, horseradish peroxidase (HRP)-conjugated anti-mouse IgG (Santa Cruz Biotechnology, Santa Cruz, CA) was administered (diluted in 1:2000 in TBS) and incubated for 1 h at room temperature. Membranes were finally rinsed in TBS þ 0.05% Tween 20 for 3 Â 15 min, and the antigen-antibody complex was visualized using an enhanced chemiluminescence Western blotting detection kit (Amersham, Arlington Heights, IL). Data were quantified by densitometry (Labworks Software, Upland, CA). Recombinant pure TNF-a (Endogen s , Pierce Biotechnology, Rockford, IL) was used as positive control (25 pg) and data are expressed as percentage of the control.
Statistical analysis
All numerical data are presented as means7s.d. Neurologic scores and neuron counts were analyzed via the Kruskal-Wallis procedure followed by the Mann-Whitney U-test. Overall group differences of the physiological variables and TNF-a contents were compared by analysis of variance (ANOVA), followed by the Tukey procedure for multiple comparisons when ANOVA showed a statistical significance. Statistical analysis was performed using SAS (The SAS System s , SAS Institute, Cary, NC). Statistical significance was set at Po0.05.
Results
Rabbits' hemodynamic profiles and temperatures are represented in Table 1 . In Groups C, THA, and THB, blood pressure in the femoral artery reduced to almost zero with no pulsation after the catheter balloon was inflated, whereas that of the auricular artery was elevated and 2-3 min later reduced to the prior level. Moreover, after deflating the catheter, the blood pressure of the femoral artery gradually reached the baseline level, and that of the auricular artery was transiently lowered and thereafter elevated to the prior level. In terms of hemodynamic profiles, Group N showed a significantly higher mean femoral arterial pressure than C, THA, and THB during the ischemic insult (Po0.05). However, no significant difference was noted between Group C, THA, and THB at this time.
The recorded body temperatures of all rabbits remained in the normal range throughout the surgical procedure.
In terms of results of PaO 2 , PaCO 2 , Hb and pH, no significant differences were observed between the groups.
Neurologic outcome
Neurologic results are summarized in Table 2 . In Group N, all six rabbits were of modified Tarlov scale 5 at 1.5 h of reperfusion. At 1.5 h of reperfusion, the modified Tarlov scales of groups THA-1, THA-3, THA-5, THB-3, and THB-5 were significantly higher than those of Groups C-1, C-3 and C-5 (Po0.05). The modified Tarlov scales of Groups THA-3, THA-5, THB-3 and THB-5 were significantly higher than those of Groups C-3 and C-5 at 3 days of reperfusion (Po0.05), but no significant difference was found between the THA (THA-3, THA-5) and THB (THB-3, THB-5) groups. At 5 days of reperfusion, the modified Tarlov scales of the THA-5 and THB-5 subgroups were significantly higher than that of C-5 (Po0.05), but no significant difference was observed between THA-5 and THB-5. Table 3 lists the number of viable normal motor nerve cells in the ventral horn of the spinal cord gray matter stained by hematoxylin-eosin. At 1.5 h of reperfusion, the number of normal motor nerve cells in Group N was higher than in Groups C or THA (Po0.05) and that in Group THA was higher than in Group C (Po0.05). At 3 days of reperfusion, the number of normal motor nerve cells in THA and THB were higher than in C (Po0.05), and there was no significant difference between THA and THB. At 5 days of reperfusion, THA and THB contained more normal motor nerve cells than C (Po0.05), but no significant difference was observed between THA and THB. Modified Tarlov scale grades were well correlated with the number of normal motor nerve cells in ventral gray matter.
Histopathology
Representative photomicrographs of sections stained with hematoxylin-eosin are shown in Figure 2 . No notable features were found in motor neurons in Group N; however, in Group C-1 pyknotic nuclei, structureless cytoplasm, vacuolization and inflammatory reaction accompanying lymphocyte infiltration indicative of necrosis were noted. Shrunken motor nerve cells, loss of nuclei, and Nissl bodies were noted in Group C-5 at 5 days of reperfusion. On the other hand, no animal showed any change in the histopathological characteristics of sensory nerve cells.
Western blot analysis
A characteristic accumulation of immunoreactive TNF-a was evident as a single band of molecular mass 17 kDa. Figure 3 shows representative Western blots and densitometry results for TNF-a expression in tissues from an ischemic spinal cord injury zone. TNF-a content was elevated at 3 days of reperfusion in the C (C-3, 92.475.7), THA (THA-3, 78.3715.4), and THB (THB-3, 81.7712.5) groups. At 1.5 h of reperfusion TNF-a levels in the N (23.075.1) and THA-1 (30.27 15.7) groups were lower than in the C-1 (53.4712.3) group (Po0.05), but no significant difference was observed between these groups at 3 and 5 days (C-5, 
Discussion
Ischemia/reperfusion injury of central nervous system (CNS) is a complex, multistage process. It is initiated by the immediate damage caused by hypoxia as well as by return of oxygenated blood. 10 The so-called secondary damage involves neuronal injury from excitatory amino acids, intracellular Ca 2 þ accumulation, free radical generation, and apoptosis as well as microvascular processes. There is accumulating evidence that inflammatory-immunologic reactions are also involved in the pathogenesis of CNS ischemia. 11 Characterizing and ultimately controlling medication of cytokine inflammatory response may restrain its relative influence on ischemia/reperfusion injury. 12 The present study provides first evidence that the intraperitoneal (i.p.) administration of thalidomide reduces ischemia/reperfusion injury in a rabbit spinal cord model via reduction of TNF-a expression.
TNF-a is a pleiotropic cytokine, 13 but its role in ischemic spinal cord injury has not been fully elucidated. In ischemia/reperfusion injury, an excessive production of TNF-a may lead to activation of neutrophils and upregulation of cell adhesion molecules (CAMs) on both neutrophils and endothelial cells.
14 CAMs cause leukocyte adherence to the endothelium, followed by transmigration into the interstitium, release of toxic enzymes, and tissue damage. 15, 16 TNF-a has been shown to be associated with multiple organ and tissue ischemia/ reperfusion injury. [17] [18] [19] Increased production of TNF-a during permanent and transient ischemia in experimental models and clinical studies is well documented. 3, 20 TNF-a induces cFOS and strongly potentiates glutamate-mediated cell death in the rat spinal cord. 21 Its inhibition by pharmacological agents, neutralizing Abs, or soluble receptors has a protective effect. 22 Although thalidomide and its analogues have broad spectrum properties that range from anti-inflammatory 23 to antitumoral activities, 6 its major mode of action is the inhibition of TNF-a synthesis. 7, 24, 25 Thalidomide could modulate TNF-a production by several mechanisms, for example, by enhancing TNF-a mRNA degradation 7 or by binding to a1-acid glycoprotein. 26 Using real-time PCR, Kim et al 27 confirmed that thalidomide lowers TNF-a level by enhancing the degradation of TNF-a mRNA. There is conflicting evidence about whether inhibition of NF-kB (a multisubunit trascription factor, whose activation can rapidly increase transcrition of various inflammatory cytokines and adhesion molecules 28 ) activation account for the effects of thalidomide. Several lines of evidence suggest that thalidomide can inhibit DNA binding of Tarlov Scale  0  1  2  3  4  5  0  1  2  3  4  5  0  1  2  3  4 5 29, 30 but other studies have suggested that thalidomide exerts its immunomodulatory action by an NF-kB-independent mechanism. 31, 32 The effect of thalidomide on TNF-a seemed to be rather specific, as Kim et al 27 observed no change in IL-1b or IL-8 mRNA transcription. This finding concurs with a study that thalidomide inhibits only TNF-a and IL-12, not IL-1b and IL-6. 33 In the present study, TNF-a expression in Group THA-1 was significantly reduced as compared with Group C-1, which is in line with the observation of high numbers of normal motor nerve cells in the spinal cords of Group THA-1. These results indicate that treatment with thalidomide before ischemic insult reduces early phase ischemia/reperfusion injury of the spinal cord.
However, TNF-a has neuroprotective effects, for example, it modulates essential mediators of cell protection, 34 and it stimulates the expression of nerve growth factor in a variety of cell types including fibroblast and astrocytes, which may contribute to neuronal survival in and around an ischemic site. 35 TNF-a induces manganese superoxide dismutase, which may protect against ischemia/reperfusion nerve injury by reducing reactive oxygen intermediate (ROI) in a variety of cells including neurons. 36 These findings suggest that the function of TNF-a is target celldependent in the pathophysiology of brain and spinal N (a) , whereas the number of motor neuron cells in Group C-1 decreased significantly (b). Viable motor neuron cells were markedly more preserved in Group THA-1 (c), a-c; original magnification, Â 40). Section from a rabbit with paraplegia in Group C-3, showing prominent vacuolization, lymphocytosis, and abnormal motor neuron cells with unclear nucleus (d; original magnification, Â 400). Many motor neuron cells were well preserved in Group THA-3 (e; original magnification, Â 400), and many normal motor neuron cells (arrow) containing nucleus and Nissl body were observed in Group THB-3 (f; original magnification, Â 100). Motor neuron cells were shrunken and nucleoli were unclear (arrow) in Group C-5 (g). Normal motor neuron cells were observed in Groups THA-5 (H) and THB-5 (i), g-i; original magnification, Â 200) Figure 3 Representative Western blots and densitometry values of TNF-a expression in tissues taken from ischemic zones. Group N: no ischemic insult, Group C: only ischemic insult, Group THA: preischemic thalidomide þ ischemic insult, Group THB: preischemic thalidomide þ ischemic insult þ postischemic thalidomide, À1: sacrificed at 1.5 h after reperfusion, À3: sacrificed at 3 days after reperfusion, À5: sacrificed at 5 days after reperfusion. *Po0.05 versus Group N, THA-1 cord injuries. In the present study, the expression of TNF-a was lower in Group THA than in Group C, and the number of normal motor nerve cells was higher in Group THA than Group C at 1.5 h of reperfusion. This suggests that expressed TNF-a at 1.5 h of reperfusion is neurotoxic. However, no further neurological damage or reductions in normal motor nerve cell numbers were observed at 3 and 5 days of reperfusion versus 1.5 h in any group, although TNF-a expression at 3 days in all groups was higher than at 1.5 h. These findings suggest that TNF-a at 3 and 5 days is either neuroprotective or unrelated to nerve cell pathophysiology.
These suggestions are explained by the following studies. TNF-a is a potent activator of necrosis and/or apoptosis through TNF Rp55 receptor depending on the cell type and/or the intracellular ATP concentration. 37 TNF-a induces a wide spectrum of biological responses by interacting with two cell surface receptors, TNF receptor 1 (TNFR1) and 2 (TNFR2). 38 Recent studies have shown that TNFR activation is not necessarily deleterious. TNF-a and TNFR may prevent neuronal apoptosis induced by excitotoxin in vitro 39 and in vivo, 40 cerebral ischemia, 41 and traumatic brain injury. 42 An important intermediate step in the TNFRmediated signaling process is NF-kB activation 43 and Marchetti et al 44 proposed that TNF functions as an important regulatory cytokine in the central nervous system with differential signaling through the two distinct TNFRs determining its contribution to degenerative and regenerative processes. Thus, depending on the cellular composition of the affected tissue and intracellular availability of TNFR signaling components, TNF may function to aggravate or ameliorate disease.
Uno et al 2 revealed the time course and the cellular sources of TNF-a in the brain following transient global ischemia in rats. The production of TNF-a peaked at 1.5 h and was reducing at 6 h, but reincreased 3 days after ischemic insult. The first peak was TNF-a attributed to microglia and the second to astrocytes. Similar TNF-a response profiles have been reported in cultured microglia and astrocytes stimulated with lipopolysaccharide, 45, 46 in traumatized brains, 47 and in the ischemic brain. 3 The magnitude of cellular TNF response to cerebral ischemia is animal strain dependent in the mouse, whereas the time-profile and the cellular sources of TNF are similar regardless of genetic background. 12 Furthermore, the lack of a correlation between infarct size and cellular TNF response suggests that the functionally important TNF is produced during the earliest phase (minutes to a few hours) by microglial cells after the induction of ischemia. 12 Other findings support the above suggestion that microglia respond quickly after transient spinal cord ischemia in rabbits 48 and that microglial activation precedes the manifestation of brain injury in mice. 49 In the present study, TNF-a expression in Group C at 1.5 h and 3 days of reperfusion was higher than at 5 days, and at 3 days was higher than at 1.5 h. This timeprofile is concordant with those found by other studies.
In the thalidomide-treated groups THA and THB, TNF-a expression was highest at 3 days of reperfusion but that at 1.5 h was not higher than at 5 days, and was similar to that at 1.5 h in Group N. It is thought that this was due to the effect of thalidomide administered before ischemic insult. However, the administration of thalidomide at 24 and 48 h of reperfusion did not reduce the second TNF-a expressional peak. This suggests that the effect of thalidomide is target cell-dependent and that its target cells are microglia. This hypothesis is supported by the finding that thalidomide inhibits TNF-a production by lipopolysaccharide-or lipoarabinomannanstimulated human microglial cells. 50 Unfortunately, we did not assess the mechanism of the target cell-dependent effect of thalidomide. However, we propose that thalidomide may fuction as a inhibitor of TNF-a synthesis depending intracellular availability of transcription factors and a1-acid glycoprotein.
We chose 15 min of ischemia to allow comparison between our results and those of others. 8, 51 However, no rabbit in the present study showed delayed motor neuron dysfunction or delayed motor neuron death. It is possible that the DMSO administered as vehicle, reduced delayed motor neuron dysfunction, death, and apoptosis, as the scavenging effects of DMSO, an antioxidative agent are known to attenuate apoptosis after ischemia/reperfusion. 52 DMSO blocks the inactivation of mitochondrial aconitase, ATP depletion in astrocytes, and neuronal damage, 53 and increases hypoxic tolerance in the brain. 54 Kiyoshima et al 55 reported that histopathologic and biochemical examinations showed no evidence of motor neuron apoptosis, but did show characteristic necrotic neuronal death in the rabbit spinal cord ischemia model after 15 min of ischemia, which is substantially in agreement with the findings of our study.
The doses of thalidomide administered in other studies 25, [56] [57] [58] were decided upon without explanation. In the present study, we considered that the maximum recommended oral dose for the treatment of TB, AIDS, and leprosy in adult humans is 200-1200 mg/day, and by assuming an average body weight of 60 kg, we decided on a dose of 3-20 mg/kg/day. Thus, we determined the experimental dose of 20 mg/kg of thalidomide, which is a maximum for humans but is less than that used in other animal experiments. No side effects associated with thalidomide were observed in the present study. Thalidomide was reported to inhibit TNF-a production in a concentration-dependent manner in Langerhans cells. 59 However, no information is available concerning the effectivenesses of higher doses in experimental models of spinal cord ischemia, thus, we cannot exclude the fact that a higher dose or a longer period of treatment may be required in spinal cord ischemia/ reperfusion injury.
In a previous rat study, animals were given a single oral dose of thalidomide 2 h before the intravenous injection of LPS to assess its ability to suppress TNF-a expression in liver cells. 24 However, after a single oral dose of 200 mg of thalidomide (as the US-approved capsule formulation) in healthy volunteers, absorption was found to be slow, and this resulted in a peak serum concentration (C max ) of 1-2 mg/l at 3-4 h after administration, an absorption lag time of 30 min, an apparent elimination half-life of 6 h, and an apparent systemic clearance of 10 l/h. 60 Therefore, in the present study, we injected thalidomide i.p. 3 h before ischemic insult, in view of its elimination half-life and the fact that absorption is faster by the i.p. route than by the oral route.
Prior to the present study, interim studies were performed to develop the experimental technique and to determine anesthetic maintenance doses; involving the use of ketamine hydrochloride and xylazine hydrochloride as anesthetic induction agents and the intravenous inject of additional xylazine hydrochloride for maintenance.
In conclusion, thalidomide administered i.p. before ischemic insult was found to reduce early phase ischemia/reperfusion injury of the spinal cord in rabbits. However, similar studies on various animals are required to obtain a reliable oversight of the effect of thalidomide on spinal cord ischemia/reperfusion injury in a clinical setting.
